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Fig. 1 The gold deposits distribution of the eastern Kunlun area
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F1—Northern Kunlun fault; F2—Central Kunlun fault; F3—

Southern Kunlun fault; F4—Southern A’nyemaqen fault
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Fig. 2 Geological sketch map of Naomuhun gold deposits (after Qinghai Gold-Star Mine Industry Co. Ltd, 20109 )
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1—Quaternary;2—andesite of Upper Triassic; 3—Xiaomiao Formation: biotite quartz schist; 4—Triassic quartz diorite; 5—FEarly Permian

diorite; 6—FEarly Carboniferous granite; 7—Devonian quartz diorites; 8—fault and number; 9—gold orebody; 10— position and number of gold

ore belt;11—sampling location
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HARGEIFE B Ar /7 Ar W46 FofE DA K OE
JZZE Bt 28 4F 1% (Yan Shenghao et al. » 2002; Shen
Ping et al., 2005; Gao Yongwei et al., 2015;
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Table 1 **Ar -*’ Ar data and apparent ages of sericite samples from the Naomuhun gold deposit
WEECC) | (OAr/3Ar)y | COAr/* A, | CTAr/3 Ar)n | OAr( %) [*OAr* /3 Ar]P? Ar( X 10" M moD) | 39 Ar(Cum. ) (%) | 4 (Ma) | +15(Ma)
600 99. 9036 0.0292 0. 0054 91. 35 91. 2606 1. 16 4. 24 227.02 1. 16
700 94. 8659 0.0092 0. 0048 97.12 92.1336 3.83 13.99 229. 06 1. 16
750 94. 4902 0.0081 0.0038 97. 47 92.1045 2.00 7.32 228.99 1.16
800 94. 1773 0. 0094 0.0032 97.06 91.4108 2.90 10. 61 227.37 1. 14
850 96. 0573 0.0143 0. 0030 95. 60 91. 8315 2.90 10. 61 228. 35 1.11
900 98. 2458 0.0235 0.0028 92.92 91. 2871 2.47 9.02 227.08 1. 15
950 100. 4460 0.0308 0.0028 90. 95 91. 3555 2.26 8. 27 227. 24 1. 16
1000 102. 0614 0.0358 0. 0036 89.63 91.4781 1. 59 5.83 227.53 1.21
1100 103. 4984 0.0411 0. 0030 88. 25 91. 3421 7.09 25.93 227.21 1.23
1200 99. 6095 0.0256 0.0047 92.41 92.0448 1. 04 3. 80 228. 85 1. 15
1300 104. 2612 0.0439 0.0322 87.57 91. 3042 0. 10 0. 38 227.12 1.61
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Fig. 3 * Ar-* Ar age spectrum (a) and isochron (b) of sericite in the Naomuhun gold deposit
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Fig. 4 CL images of zircons from Naomuhun quartz diorite

100 pm

(numbers in the circles represent analytical spots of U-Pb, and the values represent ages of ** Pb/**U)
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J LR T (50536 AN Ph/** U ) Mt iy ke A1 BT A 4G Bl — o B A e 1 R 51 X

S A5 A IS A 235. 8 £0. 8Ma, MSWD=0. 19 ; % fll4F Ji ey b 1 7 o A 3kt DT 2 vk 1 (AL 720 R
14 K 235. 8 +0. 8Ma,MSWD=0. 19; — F4 ff— A1 P A B FE i 0 B — 2. A T e 4
M, KUK ARG RER, KHERYRM0T B AERPREERE FEAITER (RD.K) HIKM

235.8 +0. 8Ma, A ICE N Th) B H# o E M Pb, JUHE Pb,
4.3 EHRMBKALZE 5 B JE LA Mg Y 100~ 1000 £, A X 5 5 = 9k T

W XA IN K A 22 o W2 3L 4 i rp SiO, Z (4 Nb,Ta,P.Ti).Ba,Nb.,Sr 1§ 5 #1 & ¥ &, &
H61.08%~63.76% -1 62. 3800, KWL T HK R A SRR A
oy AR — B0 JE R s KA TE L AL O, i 1 B 109,90 X 107° ~136. 94X 10 °,
Jg 15.86% ~16.98%, F- K 16.57%; Na, O+ Ik 120. 22X 10°°, 75 + 70 2 8RR WA B 1L
K,ON 5.44% ~6.16%, ¥ K 5.69%., K, O/  FLHERE (B 7b) I, & Ff 5 o i 2 LT — 2,
Na,OH 0.56~1. 00, F¥ K 0. 71, J8 TR A 5E BN FEEE K EAS S BER LM LE
s A/CNK il 0. 95~0. 99,10 0. 9746 A/NK-  (LREE/HREE) =7.42~9.12, ¥} 7. 98, 3%
A/CNK E ([ 6a) I, FEIEFEWER T IX 0 H RN B4y 5. (La/Yb) ol 7. 14~9. 35, iR T #F +
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Table 2 LA-MC-ICP-MS isotopic data of zircon from Naomuhun quartz diorite
SR (10X —5) 207 Py /206 Py 207 P, /235 J 206 P, /238 J 207 pY, /206 Pl 207 Py /235 J 206 P, /238 J
R 22Th | 28U Th/d HeAE lo AN 1o [HIED lo e lo i lo e 1o
(Ma) (Ma) (Ma)

13NMH-1 | 51.6 |106.0] 0.49 | 0.05095 | 0.00393 | 0. 26216 | 0. 02081 | 0. 03732 | 0. 00047 | 238.4 | 178.1 | 236.4 | 18.8 |236.2| 3.0
13NMH-2 | 44.2 |108. 4] 0.41 | 0.05116 | 0.00352 | 0.26272 | 0.01850 | 0. 03724 | 0. 00049 | 248.1 | 158.5 | 236.9 | 16.7 |235.7 | 3.1
13NMH-3 | 135.5|274.0] 0.49 | 0.05087 | 0. 00103 | 0. 26036 | 0. 00555 | 0. 03712 | 0. 00035 | 235. 1| 46.9 |235.0| 5.0 |234.9| 2.2
13NMH-4 [370.2{449.2| 0.82 [ 0.05121|0.00082{0.26192 |0.00452{0.03710 | 0.00035 | 250.2 | 36.7 | 236.2 4.1 234.8 | 2.2
13NMH-5 | 89.9 |213.7] 0.42 | 0.05103 |0.00133|0.26386|0.00714|0.03750|0.00036 | 242.4 | 60.1 |237.8| 6.4 |237.3] 2.3
13NMH-6 | 68.7 |179.5| 0.38 | 0.05100 | 0. 00168 | 0. 26155 | 0. 00876 | 0. 03720 | 0. 00036 | 240.8 | 75.8 | 235.9| 7.9 |235.4| 2.3
13NMH-7 | 128.2|247.0| 0.52 | 0.05121 | 0.00130 | 0. 26312 | 0.00693 | 0.03726 | 0. 00035 | 250.5 | 58.4 |237.2| 6.2 |235.8]| 2.2
13NMH-8 | 50.4 | 90.1 | 0.56 [ 0.05111|0.00586|0.26263 |0.03038|0.03727 | 0.00044 | 245.6 | 264.3 | 236.8 | 27.4 |235.9| 2.8
13NMH-9 | 27.6 | 60.9 | 0.45 | 0.05236 | 0.00592 | 0. 26650 | 0. 03027 | 0. 03691 | 0. 00050 | 301.4 | 257.8 | 239.9 | 27.3 |233.7| 3.2
13NMH-10| 80.3 |108.6| 0.74 |0.05142|0.00366 | 0. 26515 | 0. 01922 | 0. 03740 | 0. 00040 | 259. 8 | 163.6 | 238.8 | 17.3 | 236.7 | 2.5
13NMH-11] 94.3 |169.0| 0.56 | 0.05114|0.00178 | 0.23949 | 0. 00851 | 0. 03396 | 0. 00036 | 247.2 | 80.2 | 218.0| 7.7 |215.3| 2.3
13NMH-12|113.2(232.5| 0.49 |0.05132|0.00137 | 0.24098 | 0. 00658 | 0. 03406 | 0. 00033 | 255.3 | 61.5 | 219.2| 6.0 |215.9| 2.1
13NMH-13]142.2{220.1| 0.65 | 0.05129|0.00248 | 0.23935|0.01172]0.03385|0.00034 | 253.9 | 111.1|217.9| 10.7 | 214.6 | 2.1
13NMH-14]175.8|310.4| 0.57 | 0.05111|0.00159 | 0.23981 | 0. 00768 | 0. 03403 | 0. 00033 | 246.0 | 71.7 | 218.3| 7.0 |215.7| 2.1
13NMH-15| 55.7 | 121.7| 0.46 | 0.05113|0.00413 |0.26020 | 0.02114 |0.03691|0.00039 | 246.7 | 186.1|234.8| 19.1 |233.6| 2.5
13NMH-16|295.7|470.8| 0.63 | 0.05096 | 0. 00135 | 0. 26075 | 0. 00713 | 0. 03711 | 0. 00035 | 239. 1 | 61.0 | 235.3 6.4 [234.9| 2.2
13NMH-17]658.5|672.9| 0.98 | 0.05102|0.00240 | 0. 25989 | 0. 01277 | 0. 03694 | 0. 00036 | 241. 8 | 108.5| 234.6 | 11.5 | 233.9| 2.3
13NMH-18256.4(323.3| 0.79 | 0.05160 | 0.00122 | 0. 26423 | 0. 00656 | 0. 03714 | 0. 00035 | 267. 8 | 54.5 | 238. 1 5.9 |235.1| 2.2
13NMH-19|334.4[430.3| 0.78 | 0.05117 | 0. 00226 | 0. 25867 | 0. 01120 | 0. 03666 | 0. 00037 | 248. 6 | 101.7 | 233.6 | 10.1 |232.1| 2.4
13NMH-20{322.1|446.8| 0.72 | 0.05136 | 0.00077 | 0. 26400 | 0. 00446 | 0. 03728 | 0. 00037 | 256. 8 | 34.5 | 237.9| 4.0 |236.0| 2.3
13NMH-21222.4{337.9| 0.66 | 0.05164|0.00106 | 0. 26650 | 0. 00576 | 0. 03743 | 0. 00037 | 269.5 | 47.1 |239.9| 5.2 |236.9| 2.4
13NMH-22|250.3|375.0| 0.67 | 0.05103|0.00086 |0.26206 | 0. 00485 | 0.03725|0.00036 | 242.0 | 38.7 |236.3| 4.4 |235.8| 2.3
13NMH-23|110.0|153.2| 0.72 | 0.05151{0.00171 | 0.26542 | 0.00907 | 0. 03737 | 0. 00037 | 263.8 | 76.4 |239.0| 8.2 |236.5| 2.3
13NMH-24|242.2|297.4| 0.81 | 0.05111|0.00108 | 0.26252 | 0. 00578 | 0. 03725 | 0. 00036 | 245.9 | 48.5 | 236.7| 5.2 |235.8| 2.3
13NMH-25|217.1|320.2| 0.68 | 0.05106|0.00113 |0.26299 | 0.00625|0.03735|0.00038 | 243.7 | 51.1 |237.1| 5.6 |236.4| 2.4
13NMH-26|183.2|305.1| 0.60 |0.05189]0.00108 |0.26571 |0.00564 |0.03714|0.00036 | 280.7 | 47.6 | 239.3| 5.1 235.1| 2.3
13NMH-271228.7|344.5| 0.66 | 0.05142|0.00138 | 0. 26329 | 0. 00731 | 0. 03713 | 0. 00036 | 259.9 | 61.6 | 237.3 6.6 |[235.0] 2.3
13NMH-281262.0|291.7| 0.90 | 0.05135|0.00119 | 0.26350 | 0. 00632 | 0. 03722 | 0.00036 | 256.5 | 53.3 | 237.5| 5.7 |235.6| 2.3
13NMH-29{293.4|379.1| 0.77 | 0.05171|0.00127 | 0. 26495 | 0. 00656 | 0. 03716 | 0. 00036 | 272. 4 | 56.2 | 238.6 | 5.9 |235.2| 2.3
13NMH-30|334.1[403.5| 0.83 |0.05164 | 0.00103 | 0.26471 |0.00564 | 0.03718 | 0. 00035 | 269.5 | 45.9 | 238.5 5.1 235.3| 2.2
13NMH-31]203.1{230.8| 0.88 | 0.05139|0.00162 |0.26353 | 0.00855|0.03719|0.00037 | 258.2 | 72.3 |237.5| 7.7 |235.4| 2.3
13NMH-32|372.9|464.9| 0.80 | 0.05158|0.00105 | 0. 26461 | 0. 00592 | 0. 03721 | 0. 00037 | 266.9 | 46.8 | 238.4| 5.3 |235.5| 2.4
13NMH-33|310.4{360.7| 0.86 | 0.05121|0.00157 | 0.26134 | 0. 00864 | 0. 03701 | 0. 00038 | 250.2 | 70.7 | 235.7| 7.8 |234.3| 2.4
13NMH-34|421.4(378.7| 1.11 | 0.05118 | 0. 00103 | 0. 26180 | 0. 00556 | 0. 03710 | 0. 00036 | 249. 1 | 46.2 | 236.1 5.0 234.8 | 2.3
13NMH-35|383.6|415.1| 0.92 | 0.05116 | 0. 00306 | 0. 26054 | 0. 01558 | 0. 03694 | 0. 00038 | 247.9 | 137.7 | 235. 1| 14.1 | 233.8| 2.4
13NMH-36|260. 8| 354. 3| 0.74 | 0.05129 | 0.00058 | 0. 24175 | 0. 00377 | 0. 03419 | 0. 00047 | 253.8 | 26.0 | 219.9| 3.4 |216.7| 3.0
13NMH-37|287.7|352.8| 0.82 | 0.05107 | 0.00108 | 0.26169 | 0. 00565 | 0. 03717 | 0. 00036 | 243. 8 | 48.7 | 236.0| 5.1 235.2| 2.3
13NMH-38]369.7|548.0| 0.67 | 0.05144 | 0.00085 | 0. 26331 | 0. 00474 | 0. 03713 | 0. 00035 | 260.4 | 38.2 | 237.3| 4.3 |235.0| 2.2
13NMH-39|249.5|406.4| 0.61 | 0.05185|0.00081 |0.26610 | 0. 00450 | 0. 03722 | 0. 00036 | 278.8 | 35.6 |239.6 | 4.1 |235.6| 2.3
13NMH-40{413.9|437.9| 0.95 | 0.05127 | 0. 00087 | 0. 26419 | 0. 00475 | 0. 03737 | 0. 00036 | 253.2 | 39.2 | 238.0| 4.3 |236.5| 2.3

B 32 i A0 R 1 A R E 0 X, (La/Sm) Oy R T s p Vi
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Z S REAYE 0Eu 2 0.67~0.78, A 55 1t

SRR A RN ESRET T — & #
Koy e g i e R 808 UL XA — & B9 RHK £ 5k
B4 (Li Bile et al. , 2012b)., 8Ce 224k {5 Hl /N, ££
£ 0. 97~0. 99 Z[H], AT GE S W 1 & 9 i 1k o 2 v 4
38 SR R AR E

5.1 FAKE

AT AKNRKAEREREICE CO,
MgO.P, O, il TiO, 5 SiO, % A %, 1 K. O Hl
Na, 05 SiO, S IEH X, 7 K B A — S %,
F WA N RIS SR AL B 7= . A AR R R
BT RATGR (RbJKO R KA A TR Th 2
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Table 3 Contents of major elements (%) and trace elements ( X 10°) of Naomuhun quartz diorite

4w | 13NMBo1 | 13NMHO01 | 13NMH02 [ 13NMH03 | 13NMHO04
Si0O, 63.76 62. 50 61.92 62. 62 61.08
TiO; 0. 69 0. 69 0. 66 0. 70 0.73
Al O 15. 86 16.53 16.76 16.73 16. 98
Fe; O3 1.76 1.81 1.74 1.79 2.10
FeO 3. 30 3.25 3.28 3. 40 3. 46
MnO 0.08 0.09 0.08 0.09 0.10
MgO 2. 90 3.13 2.75 2. 82 3.05
Ca0 4.37 4.91 5.32 5.05 5. 34
Na, O 3.08 3.48 3.30 3.43 3.37
K,O 3.08 1.96 2.42 2.15 2.19
P; 05 0.16 0.16 0.16 0.17 0.18
ISP 0.95 1.52 1.58 1. 09 1. 40
BE 100. 34 100. 91 100. 49 100. 70 100. 64
Rb 26. 0 34.3 20. 3 62.8 20.5
Ba 448. 0 336.0 454. 0 436.0 465.0
Th 12.00 13.80 9. 62 11. 10 9.94
U 1.29 2.00 1.73 2.76 1.38
Ta 0.82 0. 99 0.76 1.02 0.76
Nb 10. 6 10.9 10.0 10. 6 9.96
Sr 284 391 294 423 343

Mean=(235. 8£0. 8) Ma,

0.039 L MSWD=0.19, n=35

0.038

0.037

206pp/ 238(y

0.036 [

0.035 1

0.16  0.20 0.24 0.28 0.32 0.36
207Pb/ 235U

95 13NMBO1 [13NMHO01 | 13NMHO02 | 13NMHO03 | 13NMHO04
Zr 172 141 168 191 150
La 20.9 24.6 20.0 27.5 20. 2
Ce 44. 5 54. 3 43.3 57.2 44. 8
Pr 5.76 6. 89 5. 66 6. 89 5.74
Nd 21.0 26.5 22.2 26.0 22.4
Sm 4.23 5.18 4. 25 4. 68 4. 25
Eu 0. 96 1.08 1. 00 1. 14 1. 05
Gd 3. 67 4.55 3.77 4. 08 3. 85
Tb 0. 57 0.72 0. 60 0.63 0.59
Dy 3. 24 4.03 3. 46 3. 50 3.27
Ho 0. 64 0. 80 0. 66 0. 66 0.61
Er 1. 84 2.23 1. 88 1.92 1. 70
Tm 0. 30 0. 36 0. 29 0. 30 0. 27
Yb 1. 98 2. 40 2.01 2. 11 1. 82
Lu 0. 31 0. 39 0.32 0.33 0. 29
Y 16. 8 21.0 16. 7 18. 2 16. 1
SREE 109. 90 134.03 109. 40 136. 94 110. 84
(La/Yb)n 7.57 7.35 7.14 9.35 7.96
dEu 0.73 0. 67 0.75 0.78 0.78
0Ce 0.98 1.01 0.98 0.99 1.01
Mean=(235. 8+0. 8) Ma,
242 MSWD=0.19, n=35
238
)
?; 234
=
s
230
226
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Fig. 5
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B, Mg* {EEH 50. 32~53.59,Rapp et al. (1995)
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{E (0. 06 ~0. 148) 4 F I Hu & {E (0. 034) (Taylor et
al. ,1995) FIHsFE{H (0. 35) (Rudnick et al. , 1995)
Z M Nb/Ta HAH (10. 39~13. 66) 4 T 72 - {8
12.5~13.5 5 F359(8 17.5 Z 18], LI E4FAESY
UL B AR G 0 4 9 N K e B 7C IR A R

Zircon U-Pb concordia diagram(a)and weighted mean ages diagram from Naomuhun quartz diorite

Mo XERECHXEMER HILERZ &R
£ YL N #A (Guo Xianzheng et al. , 2016b) \F5 PH I
K 40 41 B 8 K & (Namkha Norbu et al. , 2014) fl
R 1 v 4 YL N K & (Li Jinchao et al. ,2014) 285 5%
50—, R BB UE T i A (Liu Chengdeng et
al. , 200D KRB M AWIHEZBLEN T 50K
EHHRRGER M A .
5.2 HELS=

wA R A Ta-Nb-Ti i 5% FKA Nb/
Ta {H3% W] F A ] BB B #2 iy R0 18l &6 43 6 il 7 2E



oo ¥ Rk A
986 http://www. geojournals. cn/dzxb/ch/index. aspx 2017 &
7 3.0
(a) (b)
6 -
258 WEHR o 48 R
5 |-
< 4l X RS 2.0F
S = v ¢
o1 i B A Bk R ) z
vl =
1.5F
2+ A5 Bk 1 R 1)
1.0
l -
RBF (hr3E) R 31 B g
0 | ] ] ] 1 ] 0.5
40 45 50 55 60 65 70 75 80 0.5 1.0 1.5 2.0
Si0,(%) A/CNK
K6  HEAREAFENEK A K,O-SiO, Ff# (a) & A/CNK-A/NK K f# (b
Fig. 6 K,0-SiO,(a) and A/CNK-A/NK (b) plots for Naomuhun quartz diorite
1000 1000 1
(a) 1(b)
s
%
=
%100
oy ]
s
o
0 1 1 1 1 1 L 1 L 1 1 1 1
Rb_Th K Nb Ce Pr_ P_Zr Sm Ti_ Y Yb LaCePr Nd SmEuGdTbDyHoEr TmYbLu

Ba U Ta La Pb Sr Nd Hf Eu Dy Ho Lu

TG 2 B b b A AE 1k Sk R 1B Ca) R Hi 0 28 BRORE 5 A A AL FE 43 il £ 1B (b)
AR HEAL BB Sun et al. ,1989)

Fig. 7 Primitive mantle-normalized trace element patterns (a) and chondrite-normalized REE patterns (b)
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Fig. 8 Tectonic discrimination diagram for Naomuhun quartz diorite
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Ar-Ar Age of Altered Sericite, Zircon U-Pb Age of Quartz Diorite
and Geochemistry of the Naomuhun Gold Deposit, East Kunlun

LI Jinchao''? , KONG Huilei” , LI Yazhi® , Namkha Norbu ¥,
JIA Qunzi® , GUO Xianzheng®” , ZHANG Bin”

1) School of Earth Science and Resources, Chang’an University, Xi’an,710054;
2) Xi’an Center of China Geological Survey .Key Laboratory for the Study of
Focused Magmatism and Giant Ore Deposits» MLR,Xi’an 710054
3) Shaanxi Provincial Land Engineering Construction Group , Xi’an,710075

Abstract

East Kunlun is endowed with abundant gold resources and is nicknamed the “Gold Belt” in China. The
Naomuhun gold deposit is just located in the metallogenic belt of Caledonian post-arc rifting in the north of
East Kunlun. Geochemical studies indicate that quartz diorite which is spatially related to gold-bearing
rock is of high-K calc-alkaline series and has the attribute of Andean type epicontinental igneous tectonics.
2 Ar-** Ar dating yields an average age of 227. 84+ 1. 13Ma for sericite. Zircon U-Pb dating yields an age of
235.8=+0. 8Ma for quartz diorite, suggesting that it formed due to northward subduction of the Animating
ocean basin during the middle triassic period. Indosinian is the major gold metallogenic epoch of the East
Kunlun area. Therefore, this study is of great importance to further understanding the formation of the

Naomuhun gold deposit.

Key words: East Kunlun area; Naomuhun gold deposit; '° Ar-* Ar age;zircon U-Pb age; Indosinian



